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ABSTRACT 


The doubling of population in Florida between 1960-80 brought about increasing 
demands for water by agricultural and urban-industrial activities. Irrigated 
acreage remained highly concentrated in the central counties around Lake 
Okeechobee, where climatic factors are especially conducive to the production 
of specialty crops such as citrus, vegetables, tropical fruits, and sugarcane. 
Prolonged drought during the early 1960's stimulated significant growth in the 
region's irrigated acreage. In recent years, other U.S. regions and Mexico 
have provided Florida with intense competition in the market for specialty 
crops. Florida has 1.2 million acres of unirrigated cropland and another 1.5 
million acres of pastureland in soil classes I, II, and LII, which represent 
potential area for irrigation development. 


Keywords: Irrigation growth, drought, freeze damage, consumptive water 
use, irrigation cost, National Resource Inventory. 


ACKNOWLEDGMENTS 


Special thanks are due William M. Crosswhite of the Water Branch, Natural 
Resource Economics Division (NRED), Economic Research Service, who provided 
constructive review and the intellectual environment for conducting this 
research. His comments are integrated into this report and his encourage- 
ment in this effort was most helpful. This report was initially reviewed 
by NRED colleagues, especially by Clifford Dickason and Dwight Gadsby, 

who suggested innovative ideas in the development of a research outline. 
John Day, John Hostetler, and George Pavelis of NRED also offered useful 
comments and suggestions. In the final stages of this report, John Reynolds 
and Roy Carriker of the University of Florida suggested useful improvements 
in the manuscript. The author wishes to extend sincere thanks to the above 
mentioned reviewers as well as to Denice Bess who processed this manuscript 
through numerous drafts with grace and meticulous care. 


kk KKK KK KKK KR KR KKK KEKE KE KEKE KR KEKE KEKE KR KR KEKE KEKE KR KR KEKE KE KKK 


This report was reproduced for limited distribution to the research community 


outside the U.S. Department of Agriculture. 
KAKEKKRKRKRKRKRAREKKRKKK KK RARER KKK KR KKK KKK KKK KKK KKK 


+ + & + 


ie1 


* Ft F 


PREFACE 


Irrigated land use in humid regions has important implications for national 
water development policy as water resources in the irrigated arid West are 
becoming increasingly limited. Florida provides an interesting geographical 
setting for studying the various demands on water resources in the East. 
Florida, with its diverse economy, is experiencing intense competition for 
water from the growing needs of municipalities and industries. 


An in-depth analysis of irrigation in Florida emphasized irrigation development 
for specialty crops that have large national markets. Florida accounts for 

over 20 percent of the total irrigated acreage of the 31 humid Eastern States. 
Because Florida's present and future contributions to the production of citrus, 
vegetables, sugarcane, and other crops are large, the State was given first 
priority for the study of Southeast irrigation potentials. This study generates 
new information applicable to the broader southeastern regional study. 


Florida's agriculture is increasingly influenced by improved water management 
practices, including irrigation, drainage, and flood control techniques. 

Ground water is a major source of the water used for irrigation in Florida, 

and the need to protect aquifers from heavy overdraft has increased. Frequent 
droughts which occur in some areas in the humid East aggravate water shortages. 
The area around Lake Okeechobee in Florida ia a good geographical example of 
intermittent regional water scarcity during drought periods. This area requires 
specially designed methods to conserve or increase water supplies, such as 
replenishing of aquifers when streams approach flood stages. Adopting water 
conservation techniques, such as capital-intensive drip irrigation, for reducing 
water use in agriculture is another approach for solving water shortages. 
Application of these techniques will vary according to physical variables, 
economic considerations, and regions. 


Pollution caused by fertilizers running off of agricultural lands from heavy 
rains in some humid areas has increased the complexity of the water resource 
Management task and requires stronger efforts to achieve comprehensive resource 
management. 
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SUMMARY AND CONCLUSIONS 


Population growth and irrigation expansion have been important factors affecting 
water use in Florida. The doubling of population in Florida between 1960-80 
brought about increasing demands for municipal and industrial water. This has 
also been accompanied by an expansion of irrigated cropland. 


During 1954-82, total irrigated land increased from 427,000 acres to about 2 
million acres by 1978, and then declined by 1982 to 1.6 million acres. A 
recent decline in irrigation acreage appears to be very temporary and is attri- 


buted to a decline in pastureland irrigation, as precipitation was ample in 
1982 for pasture plants. 


Irrigated cropland remained highly concentrated in the central and southern 
counties, with Palm Beach County alone accounting for 19 percent of irrigated 
acreage in 1982. Most irrigated areas showed a downward trend between 1978 and 


1982; however, Indian River County experienced 12-percent growth during the same 
4-year period. 


Urban expansion has occurred in eight counties, and urbanized areas in the 
State increased from 881,000 acres in 1960 to approximately 2.6 million acres 
in 1980. Among the eight urban counties, harvested cropland declined in five 
counties, increased in two counties, and showed no change in one county. 


The most important climatic factors having a direct relationship to irrigation 
development are temperature and the incidence of drought. Temperature for 
citrus production should remain above 26°F in January. Subtropical fruits, 
including mangoes, usually require temperatures which do not reach the freezing 
point. Sugarcane grows all year long and flourishes under warm climatic 
conditions. All of these crops require irrigation water for optimal growth. 
The drought incidents of 1961-64 were important in triggering and sustaining 
growth of irrigated cropland in the early 1960's, when this region experienced 
its sharpest increase in irrigated cropland. 


Among the various crops grown in Florida, sugarcane, a perennial crop with 
48.5 inches of consumptive use, has the highest annual use of water. Citrus, 
another perennial crop, has an annual consumptive use of 44.6 inches of water, 
whereas rice, a staple crop grown in summer months, requires 8.43 inches of 
consumptive use of water for July. 


Annual irrigation water use in Florida was 3.4 million acre-feet in 1980, 

of which 1.7 million acre-feet was consumptive use. For the entire State, 
ground water sources, chiefly the Floridan and Biscayne aquifers, supplied 1.8 
million acre-feet of water while surface sources accounted for 1.6 million acre- 
feet. On the average, 1./ acre-feet of water per acre was applied in the State, 
with an average consumptive use of only 0.85 acre-feet per acre. 


Most of the prime farmland is located in the panhandle counties, where fertile 
soils are mainly in the Dothan-Orangeburg-Fauquay association. These soils 
represent areas of potential irrigation development. According to the 1982 
National Resources Inventory (NRI) data, there are 2.52 million acres of class 

I, II, and III land in cropland in Florida. In the same three categories of 
land classification, there are 1.75 million acres of pastureland. Their combined 
acreage of 4.27 million acres can be irrigated, out of which 1.58 million oes 
are already irrigated. This means there are 2.69 million acres remaining whic 
can be brought under irrigation. Neither land nor water is a limiting factor 


vi 


for irrigation development. Trickle irrigation systems with spray jets have 
been adopted increasingly in citrus production because these systems provide 


advantages of both lower initial and operating costs as compared with permanent 
sprinklers and traveling gun systems. 


Thus, the development of irrigated cropland will be influenced chiefly by the 
growth of markets, and the sales competition from other countries and U.S. 
regions, especially California and southern Texas, where citrus and vegetable 
production is also concentrated. Finally, certain tropical South American 
countries including Brazil have expanded their U.S. markets for fruits and 
vegetable production, as low-paid labor allows them to produce at lower costs 
that are very competitive with those in the United States. 
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Analysis of Irrigation Potential in the Southeast: 
Florida, A Special Report 


Rajinder Singh Bajwa 


INTRODUCTION 


Supplemental irrigation is an important production practice for the high- 

valued crops grown in Florida where the subtropical climate favors production 

of vegetables, citrus, sugarcane, and tropical fruits. Census of Agriculture 
reports for 1982 indicate important changes in Florida's irrigation. Irrigated 
acreage declined between 1978 and 1982 in Florida as well as in 14 Western 

States because of a combination of factors such as rising energy prices, falling 
commodity prices, increasing nonagricultural competition for water, and declining 
ground water levels. The decline in irrigated acreage in Florida is also 

partly attributed to favorable weather conditions prevailing in 1982 which 
provided sufficient moisture for pasture. 


But, in the same 4-year period during which irrigated acreage declined in 

Florida, irrigated cropland increased in the humid East, with major increases in 
areas where underground and surface water supplies were plentiful, particularly 

in Georgia and the Great Lakes States. With rising commodity prices, the increase 
in irrigated cropland will probably continue in some humid areas and be especially 
pronounced in the Southeast and Great Lakes farm production regions. 


Population growth and irrigation expansion have been important factors affecting 
water use in Florida. The doubling of Florida's population between 1960 and 
1980 brought about increasing demands for municipal and industrial water uses. 
An expanding agriculture required increasing quantities of water for irrigation. 
The combined effect of these changes resulted in a lowering of the ground water 
level of 150 feet or more in some areas of the Floridan aquifer. Increased 
urban and agricultural water uses have also lowered the water level of many 
lakes in central Florida. For example, more than 90 lakes in central Florida 
required augmentation with water from wells during 1982 (3, 30, 32). 1/ 


Numerous climatic, resource, and economic factors influence the use of supple- 
mental irrigation. The influence of major factors such as timing and intensity 
of drought occurrence, climate, soils, availability of irrigable land, water 
supplies, profitability of irrigation, and investment requirements are important 
in understanding irrigation development. There is a need to identify and 

assess the extent to which combinations of resources and climate favor irrigation 
expansion. There is also a need to assess the overall irrigation potential and 
to determine the likely impacts on water use and production in the Southeast. 


1/ Underscored numerals enclosed in parentheses refer to entries in the 
~ References at the end of this publication. 


Purpose and Objectives 


This study is a part of a broader study of irrigation in the Southeast. 
Focusing on those factors which affect the temporal and spatial pattern of 
irrigation development in Florida, this study identifies areas of potential 
expansion in irrigated cropland acreages. Specific objectives are: 


1. Analyze the importance of irrigation in Florida's agriculture. 


2. Analyze the climatic, resource, and economic factors affecting 
use of supplemental irrigation. 


3. Determine the physical and economic potential for irrigation in 
Florida. 


Procedures and Data Availability 


The study assumes that the growth of irrigated cropland in humid areas will 
most likely occur where climatic, resource, and economic factors are favorable 
to supplemental irrigation. Previous research has shown that the major factors 
influencing irrigation development are water availability, soil suitability, 
temperature, rainfall, irrigation costs and profitability of enterprises (2). 
Data showing increases in irrigated land over time are displayed in figure l. 
Census of Agriculture data are used to present dot maps revealing the changing 
spatial pattern of irrigated agriculture between 1954 and 1978 (figs. 2 and 3). 
These maps depict the spatial distribution of irrigated cropland concentrated 
in central Florida where the Floridan aquifer provides abundant water for 
agriculture. These maps also present the patterns of irrigation development, 
including trends in total irrigated acres. 


The incidence of drought, an important explanatory variable influencing 
irrigation development in Florida, was specifically measured by Palmer's drought 
index (14). The index can be used to identify areas which have experienced 

crop moisture stress and can benefit from supplemental irrigation and identify 
the amounts of water required to achieve adequate soil moisture levels. The 
plant's irrigation requirement is based on the difference between consumptive 
use (water requirements of the crop) and available rainfall. 


The influence of urban development on irrigated cropland was analyzed with 
information from the Census of Population and Census of Agriculture. The Census 
of Population provides population information at 10-year intervals while the 
Census of Agriculture provides information at 4- or 5-year intervals. These 

two sets of data are not directly comparable. But, they can be used to assess 
the relationship between urban development and changes in irrigated cropland. 


Data on consumptive use of water were obtained from several sources, including 
agricultural experiment stations located throughout the State. Empirical data 
from field offices were considered more reliable than theoretically developed 
information. Evapotranspiration estimates were developed for some locations 

from climate and soils data by several researchers (15, 16, 17, 19). Consumptive 
use requirements for selected crops, especially for citrus, vegetables, and 
sugarcane, were used to assess annual per-acre irrigation requirements. In 
addition, irrigation requirements for 90 percent of the time, 80 percent of the 
time, and 50 percent of the time are useful in selecting irrigation systems 

most suitable for specific areas. Information on irrigation systems was obtained 
from irrigation specialists, published studies, and related sources. 


Information on soils suitable for irrigation was obtained from Prof. Carlisle 
of the Department of Soil Sciences at the University of Florida and other 
published sources. According to them, soils are not a restraining factor in 
Florida. Therefore, their distribution was not mapped for analysis. 


Information on ground water supplies, obtained from the Florida Department of 
Natural Resources, Bureau of Geology, was placed on maps. Ground water sources 
supplied 41 percent of the total freshwater pumped in 1980 for irrigation 
purposes (4). The Floridan aquifer, the principal source of ground water in 
Florida, supplies most of the ground water used in the State. The Biscayne 
aquifer of southeast Florida, although limited in areal extent compared with 
the Floridan aquifer, is also a major source of ground water. 


Information on costs and returns was obtained from the Florida Cooperative 
Extension Service. 


HISTORICAL PERSPECTIVE 


During 1954-82, Florida's irrigated area increased from 427,000 acres, peaked 

at 2 million acres in 1978, and then declined in 1982 to 1.6 million acres 

(table 1). In 1954, the leading irrigated crops were vegetables and orchard 
crops. By 1978, orchards, especially citrus crops, assumed first place in supple- 
mental irrigation acreage. A major expansion in irrigation occurred around 1964 
with a doubling of the area of irrigated vegetables and a quadrupling of irrigated 
fruit area, especially for citrus production. The acreage of major row crops such 
as corn has also increased rapidly in the past decade. 


Onfarm cash receipts for Florida agricultural production in 1982 were $2.37 
billion (1978 dollars), a 21.8-percent decrease from the 1978 value of $3.03 
billion. The 1982 rankings for the onfarm cash value of Florida agricultural 
crops were: fruits, nuts, and berries, $656 million; livestock, poultry, and 
their products, $678 million; vegetables, sweet corn, and melons, $387 million; 
grains, tobacco, and sugarcane, $276 million; and nursery greenhouse crops, 
$342 million (26). 


Irrigated farmland declined 407,554 acres between 1978 and 1982. Most of this 
decline is accounted for by a decrease in pasture irrigation. Favorable weather 
conditions in 1982 provided generally sufficient moisture for Florida pasture 
during the recent census year (table 1). Increased use of water for municipal 
and irrigation purposes has resulted in a decline in the ground water levels of 
as much as 150 feet or more in some areas of the Floridan aquifer, especially 
in areas where both irrigation and population are concentrated (32). Drought 
conditions prevailing during the 1981 summer months also contributed to the 
lowering of water tables. The declining of water tables influenced irrigators 
to apply water on their more valuable crops rather than on pasture. Irrigation 
of citrus continued to expand and accounted for 43 percent of Florida's overall 
irrigated cropland in 1982. 


By the late 1930's, Florida surpassed California in the production of citrus 

and in the 1940's its production was larger than all of the other U.S. producing 
areas combined (6). The growth of citrus production is attributed to the 
following factors that have increased the demand for oranges: (1) consumers- 
perceived health qualities of citrus; (2) development of high-quality frozen 
orange juice concentrates; and (3) advertizing and promotion of citrus products 
(33). Approximately 95 percent of the oranges produced in Florida are processed 
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as concentrate. As the demand for this product steadily increased, there was a 
corresponding increase in the acres of young irrigated citrus trees. 


The moderating influence of the inland lakes is noticeable in the production 

of citrus and delicate vegetables because most of the orange groves and 
vegetable production are located south of water bodies. As in the case of 
citrus irrigation, vegetable production, especially tomatoes, has been 
influenced by improvements in the food processing industry and a favorable 
climate. In the 1920's, tomato production was scattered from Marion County in 
the north to the areas around Miami in the south. By 1964, this production had 
moved south of Lake Okeechobee. This trend is closely related to climatic 
patterns and the availability of new lands, according to Ward (33). The acreage 
of irrigated Irish potatoes and tobacco has remained stable while corn for all 
purposes is increasingly irrigated. Sweet corn irrigated acreage declined 
between 1978-82. 


An important trend is the concentration of irrigated acreage on large farms, 
especially farms of 2,000 acres or more which comprise 4.6 percent of irrigated 
farms. Such farms accounted for 61 percent of the irrigated cropland in 1979 
(27). Approximately 11,657 (26 percent) of the farms in Florida were irrigated 
in 1978 and more than half of these farms (57 percent) irrigated fewer than 40 
acres (7). In 1982, irrigated farms of 2,000 acres or more numbered 400, 
accounting for 56 percent of the total irrigated land. By contrast, small 
farms of fewer than 70 acres accounted for only 4.5 percent of the total 
irrigated land (26). 


U.S. Army Corps of Engineers projects are important in supplying irrigation 
water in central Florida, even though the Corps does not typically develop 
projects for irrigation. Authorized in the Flood Control Act of 1968, the 
Central Florida Project involved the construction of an interrelated system of 
canals, levees, pumping stations, and structures necessary to supply irrigation 
water, maintain optimum water levels, and remove flood waters in Martin County. 
The Central Florida Project provides water for about 100,000 acres of cropland 
with a total Federal investment of $15 million, $8.7 million of which were 
allocated to irrigation development (29). 


Another important federally sponsored project having a direct impact on the 
agricultural economy of the area was the Central and Southern Florida Flood 
Control Project, begun in 1948. The Florida Flood Control District (FCD) was 
charged with meeting the need for flood protection and sufficient water supply, 
preventing saltwater intrusion, encouraging agricultural and urban development, 
and preserving fish and wildlife. In 1976, FCD was given new responsibilities 
to incorporate environmental concerns as well. Its mandate was enlarged to 
include all of southern Florida, and a new name was assigned to it: Florida 
Water Management District (34). 


Trends in Irrigated Cropland in Florida 


Total cropland in Florida, 3.4 million acres in 1954, increased by 18 percent 
to 4 million acres by 1982. Total harvested cropland in 1954 was 1.9 million 
acres and, according to census reports of 1982, increased by 37 percent to 2.6 
million acres. Major harvested crop acreages in 1982 were: citrus, 916,000 
acres; sugarcane, 344,000 acres; soybeans 334,000 acres; vegetables, 284,000 
acres; corn, 217,000 acres; peanuts, 46,000 acres; and Irish potatoes, 31,000 
acres. Hay was harvested from 282,000 acres in 1982. 


Irrigated cropland increased consistently from 1960 to 1978 but declined in 

1982 (fig. 1). There was a marked increase in both irrigated acres and the 
proportion of cropland irrigated during the early 1960's when the region experi- 
enced severe drought conditions. The upward trend in total irrigated land 
continued after 1964 but at a considerably slower rate than in the early 1960's. 


Figure 1 


Historic trend of irrigated land, Florida 
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Source; U.S. Census of Agriculture, 1949 through 1982. 


The irrigation of cropland has been fairly concentrated. In 1954, extensive 
irrigated acreage in Palm Beach County accounted for 18 percent of the total 
irrigation acreage in Florida (table 2). St. Lucie, Indian River, Hillsborough, 
and Hendry counties were also important in irrigated land use. Almost two-thirds 
of the irrigation acreage was located in the 10 central and southern counties 
around Lake Okeechobee. 


The location of irrigation development did not change significantly over 

the years. In 1982, irrigated cropland remained concentrated in roughly the 
same central and southern region as in 1954 with some change in the composition 
and ranking of the top 10 counties. These counties also accounted for approxi- 
mately two-thirds of irrigated cropland (table 2). Palm Beach County absolutely 
overshadowed other counties with 25 percent of the irrigated acreage in 1978. 

It accounted for 19 percent in 1982 and was followed by Hendry and Polk counties 
with 9 and 8 percent, respectively. 
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De Soto County appeared among the 10 leading counties in irrigation in 1978, when 
a large area of pastureland was irrigated. In 1982, very little pastureland was 
irrigated in this county; and, since its other crops' acreage did not increase 
greatly, De Soto did not appear in the list of 10 leading counties. 


Most Florida counties registered a decline in irrigated cropland between 1978-82. 
Palm Beach County, for example, experienced a 40-percent decline from 490,075 
acres in 1978 to 294,641 acres in 1982. Among the 10 leading counties in 
irrigation, Indian River was the only county which showed an increase in irri- 
gated cropland during this period. Citrus growers of Indian River, through the 
Indian River Citrus League, have been able to obtain preferential prices for 
their fruit by emphasizing marketing and controlling product quality and 
appearance of fresh fruit shipped to northern cities. 


Spatial Distribution of Irrigated Acreage 


Irrigated acreage in 1954 was highly concentrated in the central counties 
around Lake Okeechobee with very little irrigated cropland in the northern 
and panhandle counties (fig. 2). By 1978, irrigated cropland remained highly 
concentrated in central Florida with some increase in the northern counties, 
especially St. Johns, Alachua, and Marion counties in northern Florida, and 
Jackson, Gadsden, and Santa Rosa counties in the panhandle region (fig. 3). 
Increases in the northern counties consisted primarily of irrigated corn and 
soybeans. 


A significant feature of irrigation expansion in Florida has been the tendency 
for irrigation to expand in counties where irrigated cropland already exists. 
Favorable climate is the primary reason for the location of citrus and tropical 
fruit production in the central part of the State especially the Lake Okeechobee 
area where the weather is influenced by this large body of water. Citrus 

plants are extremely sensitive to low temperatures; mangoes and sugarcane are 
damaged when temperatures fall below freezing. 


Sugarcane irrigation is concentrated south of Lake Okeechobee with a high 
proportion of the crop irrigated. Production of this crop reached a high of 
430,000 acres in 1980 (7). However, recent Census of Agriculture data show a 
decline in sugarcane acreage. The muck soils in Hendry County and Palm Beach 
County, south of Lake Okeechobee, are highly suitable for sugarcane cultivation. 
Plantings of Valencia oranges have recently increased and are emerging as an 
important irrigated crop in the sandy soils in Hendry County. 


Urban Expansion and its Influence on Irrigated Land Use 


There are eight main urban centers in Florida, led by Miami in Dade County, 

the largest center in the State with a 1980 population of 1.6 million people 
(table 3). Urban areas in the State increased from 881,000 acres in 1960 to 
approximately 2.6 million acres in 1980. The population density of urban areas 
varied from 7.4 persons for Miami to 1.9 persons per acre in Melbourne-Cocoa 
(table 3). Population growth occurs at a rapid pace on the urban fringe of 
major cities such as Miami, Fort Lauderdale, and St. Petersburg which increases 
the population density and brings about major declines in cropland in some urban 
counties contiguous to main urban centers. The prospect of future conversion of 
land to urban development may undermine the longrun production of agricultural 
lands and cause the idling of more land than is needed for shortrun development. 
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Distribution of Irrigated Acreage in 1954 in Florida 
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Distribution of Irrigated Acreage in 1978 in Florida 
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Harvested cropland over the period 1964-82 increased by 132 percent in Palm 
Beach County, while Dade and Duval counties showed increases of 1 and 15 percent, 
respectively. The remaining five counties registered a decline in the cropland 
harvested during this period (table 4). Cropland acreage in the eight-county 
area increased by 25 percent as a result of landclearing, drainage, and other 
land reclamation activities in Palm Beach County which more than offset the 
decline in cropland that occurred in the five counties that showed urban 
expansion. 


Irrigated land use also increased in the same eight-county area, but at a much 
lower rate. Between 1964-82, irrigated land use increased by 22,475 acres or 
by 5 percent (table 5). If one considers a shorter span of time, for example, 
between 1978-82, irrigated land witnessed a sharp decline which is attributed 
to the reduction in pastureland irrigation. The largest percentage increase 

in irrigated acreage occurred in Brevard County, while Palm Beach County 
experienced the lowest pércentage increase. Broward, Hillsborough, Orange, and 
Pinellas counties registered a decline in irrigated land use during the same 
intercensus period. Population increases in Palm Beach County did not greatly 
restrict increases in irrigated land use. Muck soils are increasingly brought 
under cultivation in the southwestern part of the county and are being improved 
through drainage. Recent freezes will probably trigger relocations of citrus 
groves to locations further south, where minimum temperatures do not fall below 
285i 


CLIMATIC RELATIONSHIPS 


The characteristics of Florida's climate are primarily attributed to the State's 
latitude, its proximity to the Gulf of Mexico and the Atlantic Ocean, the 
influence of numerous lakes, and the passage of intense high- and low-pressure 
cells and related air masses across portions of the eastern United States. These 
factors combine to produce moderate temperatures and 40-50 inches of annual 
precipitation. This normal pattern is punctuated by unusual weather during the 
passage of extreme high- or low-pressure cells. March, April, and May are rela- 
tively dry in Florida during which a normal rainfall average of 2.3 inches per 
month is recorded. June through August months are warm and humid, with a mean 
temperature of approximately 82°F and an average rainfall of 4.6 inches per month. 


Critical Climatic Factors and Irrigation 


Citrus crops comprised 43 percent of the total irrigated cropland in Florida 
during 1982. The principal U.S. citrus-producing regions -- central Florida, 

south Texas, southeast Arizona-southern California -- range from C9 (moist 
subhumid) through E (arid), according to the Thornthwaite classification of 
climates.2/ Temperature is the most crucial weather element for commercial 
citrus production in any of these regions. There are relatively similar temper- 
ature characteristics within these regions (table 6). In regions where rainfall 
variations are large, as in the dry West, citrus cultivation is totally irrigated. 


ai, Thornthwaite's classification of climates is like Koppen's as it employs a 
symbolic nomenclature in designating complexly defined climatic types. 
Variations in climate are based on precipitation effectiveness and seasonal 
temperatures. Their meanings are: (A) rain forest, (B) forest, (C) grassland, 
(D) steppe, (E) desert. Those due to diminished temperature efficiency are: 
(A') tropical rain forest, (B') temperate rain forest, (C') microthermal rain 
forest, (D') taiga, (E') tundra, (F') perpetual frost (no vegetation). 
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Table 3. Major urbanized counties in Florida, 1980 
ee 


Main metropolitan Urban Urban Persons 
County centers population 1/ area 2/ per acre 
Number Acres Number 
Brevard Melbourne-Cocoa ZOO 49 9D 136,832 1.9 
Broward Fort Lauderdale 1,008,469 boo, 250) 5.4 
Dade Miami Pouce 2h0 217,408 7.4 
Duval Jacksonville 561,485 263,424 2.1 
Hillsborough Tampa 560,473 L/3¥652 See 
Orange Orlando 433,870 Pere 2.9 
Palm Beach West Palm Beach 535,409 147,200 3.6 
Pinellas St. Petersburg 724,988 154,304 ar, 
Total | 2,688,905 54292952 4.0 





source: 1/ (28). 


2/ Area in urbanized areas and places of 2,500 or more population 
outside urbanized areas, developed by the Geography Division, Bureau of 
the Census. 


January mean temperature is the most critical variable for citrus production 
since soil moisture stress conditions can be counteracted with irrigation water. 
To some extent, the effect of low winter temperatures and freeze can also be 
delayed by raising the temperature a few degrees by heating equipment, water 
application, or use of fans to mix the upper air with the colder air at the 
surface. The temperature for citrus cultivation should remain above 26° F. 
Subtropical fruits, including mango production, usually require above freezing 
temperatures. One of the important irrigated crops, sugarcane, has a low 
tolerance for cold temperatures. 


Another significant climatic variable with direct relationship to irrigation 
growth is the incidence of droughts. The most rapid growth in irrigation 
took place during 1960-64 (fig. 1), precisely when the region experienced a 
prolonged drought (table 7). Palmer's drought index showed a reading of -3.74 
for the month of May 1962, which represents a severe drought condition. The 
lowest index reading (-3.94) appeared in July 1981; but there was sufficient 
precipitation in the next year. 


Tt 


Table 4. Cropland harvested in urban counties, Florida 
Percentage 
County 1964 1974 1978 1982 change, 
1964-82 
me ee er eee Acres --3r3c33r oro Percent 
Brevard ZOO 2 18,330 L9Fo3) LOWS =o 
Broward LoRoo2 Vay 27 2 l/ADS3 9,102 -54 
Dade Sess d 55730 64,084 58,940 1 
Duval Dy Loo Sars 4,454 5,898 15 
Hillsborough 82,239 58,274 58,223 64,528 ae 
Orange 1D1R eon 84,728 TOIL 67,465 od 
Palm Beach 19225 277,100 452,142 446,263 132 
Pinellas 9,174 oS / a7 aed 35/30 =o 
Total 540,047 515,894 695,056 675,639 25 
Sources: (23/724, 25,26). 
Table 5. Irrigated land in urban counties, Florida 
County Percentage 
1964 1974 1978 1982 change, 
1964-82 
ss nanan arches fr ic ACLCS (ne == === Percent 
Brevard 3,870 43,925 70,286 16,050 55 
Broward 19,964 7,961 Seva 3,144 -84 
Dade 36,625 44,469 49,874 47,819 or 
Duval 516 228 189 655 Zn 
Hillsborough 43,018 26909 34,938 39,174 ah, 
Orange 70,384 37%, 738 40,335 Bi, 991 -46 
Palm Beach 238,399 308 , 346 490,075 293,463 23 
Pinellas 4,398 2 2,088 1,349 -69 
Total 417,170 471,156 LOIR7S6 439,645 5 





Note: 


The fact that irrigated acreages recorded in Brevard and Palm Beach 


counties are larger than harvested cropland is due to the large area of 
irrigated pasture. 


Sources: 


(23, 24, 25, 26). 
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Table 7. Drought indices for central Florida 
computed by Palmer's method 


Year April May June July August September 
1960 4.09 8.65 Bees 4.67 3.88 Do’ 
1961 = 95 Sat age -1.92 1.70 —2.//7 
1962 ~3.56 -3.74 -2.90 e290 59 Ps03 
1963 =1.50 nee) = Lie.) -~1.30 -1.85 oe 
1964 - .80 ey eal | mL -1./3 -1.61 sila 
1965 2530 —3.07 =.29 PeLo - 15 ~- 2598 
1966 - 88 U0 1.64 <3 - 39 - /)5 
1967 =2e/9 -3.56 =—3.08 —=—2.// -~1.62 De) 
1968 =-3.30 sae 2020 eos ee AC) Tees 
1969 rT ei - .29 = 54 - .98 <5 40 
1970 -] ,09 - .65 —] .08 -1.64 -1.93 —-2.26 
1971 aU —3,40 = 652 ~3.34 —-2.// -2.58 
1972 =—1556 te) tee tL OL =) 267 =>. OL 
1973 =rinis ()_¥ =e) OU) - 16 = 07 =e tt) 
1974 =2.50 -2.60 1.64 Leos - 10 — .64 
1975 =3.06 —2.59 - =2./1 =2 00 -2.49 —2.24 
1976 =-3.06 PaO 1.87 = .60 ~ te =" ./3 
1977 =) ./6 -1.84 =2.34 —2.50 =a eee 
1978 =1.01 235 aOD s/D = .3/ =e 29 
1979 = lie Li 2.08 mie -1.34 220 Tee iL 
1980 ee 64 - .66 — ee = 63 =—2.23 
1981 = 55 OZ Ser oe -3.15 —3.94 =2.50 —2.68 
1982 e712 1.68 2eO ZS Les 2 185 


Source: Method from (14). 


The 1961-65 drought was of both long duration and intensity and the correlation 
between irrigation growth and drought for that period is strong. During the 
intercensus 5-year period of 1959-64, irrigated cropland tripled, with citrus 
irrigation showing the largest absolute increase. Again, drought conditions 
existed in 1967 and 1969-77. The drought ending in 1977 was spread over large 
areas of the Nation. Two-thirds of the Nation's 3,005 counties were on the 
Federal “drought impact” list by midsummer. The Southeast, particularly from 
North Carolina to Florida, experienced severe drought conditions. 


Adjustments to Freeze Hazard 


To combat radiation frost and freezing, farmers usually employ the following: 
(1) heating equipment, (2) wind machines, and (3) water protection. Farmers 
often adopt these measures in combination and rarely do they apply only a single 
method for avoiding freezes. 


Sprinkler irrigation is used to protect plants. The water must be applied 
uniformly to all parts of plants during the cold period or more damage might 
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occur than if the water were not applied. The practice is based upon the 
principle that heat is released when water changes from a liquid to a solid 


state. The heat released as the water freezes acts to keep the temperature of 
the plant near or above freezing. 


Consumptive Use of Water for Selected Crops 


In computing measures of potential evapotranspiration or consumptive use 


of water by crops, one assumes that sufficient soil moisture is available for 
plant growth. Whenever soil moisture stress develops, irrigation water can 
be applied to restore soil moisture to the base level or field capacity.3/ 
Efficient use of irrigation water in the field requires information on water 
requirements of specific crops. 


A review of the various methods for measuring potential evapotranspiration, 
consumptive use, and irrigation requirements for selected crops are discussed 

by Bajwa, Crosswhite, and Gadsby (3). Data for evapotranspiration or consumptive 
use of water for citrus, pastures, sugarcane, and rice are presented in table 8. 
Sugarcane, with 48.5 inches of consumptive water use, has the highest 

annual consumptive use of water in the Everglades agricultural area. Rice, a 
staple crop with 8.43 inches of consumptive use of water for July, has the 
highest use for any 1 month. Citrus, another plant group which grows throughout 
the year, has an annual consumptive use of 44.58 inches of water. 


Irrigation requirements for oranges and lemons are highest with 18.3 inches 

at Ft. Pierce and lowest at Lake Alfred with 11.4 inches (table 9). Annual 
irrigation requirements for vegetables at Ft. Pierce are 16.5 inches of water for 
80 percent of the time and about 18.5 inches 90 percent of the time (table 10). 


Table 11 indicates the consumptive use figures for sugarcane grown in the 
Everglades agricultural area. For this location, annual consumptive use of 

water for sugarcane is 48.5 inches and net irrigation requirements are calculated 
to be 17.5 inches. 


WATER USE AND SOURCES OF WATER SUPPLY 


The total water withdrawal from different sources in Florida in 1980 was 23.76 
million acre-feet per year, including 15.57 million acre-feet from saline 
sources. Total fresh water withdrawn in 1980 for agricultural and other economic 
activities was 8.19 million acre-feet, according to a State Natural Resources 

and Bureau of Geology Survey (4). Almost 74 percent of all daily water use in 
1980 was for thermoelectric power generation; 65 percent of the total water 


[a 


3/ 1. Potential evapotranspiration (PE) is defined as the maximum quantity 

7 of water transferred as water vapor from the ground surface and 
associated plant environment under ideal conditions of soil moisture 
and vegetation cover. 

2. Consumptive use of water by crops is defined as that part of soil 
moisture that is actually used by plants under relatively favorable 
soil moisture conditions. 

3. Soil moisture stress is defined as a condition of moisture in the soil 
in which the plants show less activity in their growth or plants start 
wilting. 

4. Field capacity of soils is that condition of a soil when no further 
addition of moisture will remain in the upper layers. 
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Table 8. Consumptive use of water by crops in Everglades agricultural area 


a a ee eee 


Pan evapo 
Month Citrus 1/ Pasture 2/ Sugarcane 3/ Rice 4/ Rainfall 5/ transpira- 


tion 6/ 
Inches 

January 2.09 2.01 1.42 0 197 B539 
February 2.60 Zee 1.10 0 1.97 4.00 
March 3.98 Seo) Zee 0 Seal 5eFQ 
April 4.49 4.21 S439 L363 2290 6.54 
May 5.31 5.20 4.80 3.07 4.74 7.06 
June 4.41 Ae2o 5.98 ee 9.08 6.24 
July 4.88 4.80 6.50 8.43 8.58 6.36 
August 4.80 4.80 6.69 3.05 S221 Ge lZ 
September 4.02 3.86 eel 2 C5200) 8.82 Soil 
October 8559 3.43 5e20 (3.00) 5.65 4.82 
November Dede 2.48 8219 0 Vas Jef lk 
December 2.09 1.93 Leo 0 1.80 Seng 
Total 44.58 42.84 48.50 22.00 58.76 62.44 
1/ Data provided by, USDA and Florida Agr. Exp. Sta. Project, Ft. Pierce 
(unpublished). 
279019) is 


Mean monthly values averaged over 5 years and averaged over water table depth 

of 12, 24, and 36 inches maintained in lysimeters at Ft. Lauderdale. These 
turfgrass evapotranspiration values are assumed to be valid for pastures 
adequately supplied with water. 

3/ (16). 

4/ (17). 

Assuming planting date of April 15 which is approximately the middle of the 
planting season. Values in parentheses are estimates for a ratoon crop. 

Rice is not always ratoon cropped. 

5/ Belle Glade Weather Records, University of Florida: AREC, P.O. Drawer A, 
Belle Glade, FL 33430. 

6/ Pan evaportranspiration is a measure of the capability of the air to evaporate 
water. A relatively higher reading indicates relatively high consumptive use of 
water. 


withdrawn for this purpose was from saline sources. Irrigation accounted for 
only 14 percent of the total water withdrawals. Detailed data for uses by 
county are given in the appendix. 


Irrigation Water Use in Florida 


Annual irrigation water withdrawls in Florida were 3.4 million acre-feet in 1980, 
of which 1.7 million acre-feet represented consumptive use. In the 10 leading 
irrigation counties, withdrawals amounted to 2,317,000 acre-feet of irrigation 
water in 1980 (table 12). This is 68 percent of the Florida's irrigation water 
use. Palm Beach County was an important user with 688,390 acre-feet of water 
applied in 1980. For the entire State, ground water sources accounted for 1.8 
million acre-feet while surface sources supplied around 1.6 million acre-feet of 
water for irrigation. 
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Table 9. Computed annual water consumptive use or evapotranspiration for 
selected locations and net irrigation requirements for citrus 1/ 


Average Grapefruit Oranges and lemons 
Location annual ET NIR-50 NIR-80 ET NIR-50 NIR-80 
rainfall 2/ {|e 2] ees 2]. 
Inches 
Belle Glade 56075 Hie 12.3 16.9 40.0 7.6 Tie 
Bradenton 55.14 Ay en 13.9 18.6 39.9 9.3 13.4 
Clermont Sie 23 47.6 13.7 LBied 40.3 8.1 eo 
Ft. Myers 22.34 48.2 Lied Pec2 40.2 TO, 15.0 
Ft. Pierce Dees 48.3 20.6 24.4 40.9 14.3 18.3 
Gainesville 52.45 45.8 13.8 18.4 39.0 8.3 12d 
Lake Alfred 2a. c aT 11.9 17.0 40.0 6.6 11.4 
Mountain Lake ye03 47.4 P22 Nd gece 40.1 6.7 Dies 
Pompano Beach 62.50 48.9 13.4 17.9 41.4 8.3 12.6 
Titusville 2596 Let 13.5 18.2 39.9 8.3 2) 


—_—————————————————— eee 


1/ Computed by procedures described in SCS Technical Release 21, 1967. 


2 NIR-50 and NIR-80 are the average net irrigation requirements that 
would be adequate 50 percent and 80 percent of the time. More water 
would have to be applied to the crop than the net irrigation require- 
ments to account for evaporation, runoff and perculation below the 
root zone. 


Two million acres of irrigated cropland in Florida in 1980 received a total 

of 3.4 million acre-feet of water, according to 1980 estimates by the U.S. 
Geological Survey. This was an average annual application of 1.7 acre-feet of 
water with an average consumptive use of water of only 0.85 acre-feet. By 
contrast, average annual application was 1.2 acre-feet in Texas (18). 


Florida applies more irrigation water per acre than does Texas, even though 

it rains more in Florida. Citrus, sugarcane, vegetables, and tropical fruits 
are grown in Florida almost year-around and have high water use rates compared 
with grain crops. The widespread existence of sandy soils in Florida encourages 
frequent irrigation water applications for crop production, as these soils 
tend to lose water through rapid downward percolation and higher evapotrans- 
piration rates. Most Texas irrigation water is applied to cotton, sorghun, 
corn, and wheat which have shorter growing seasons than the main irrigated 
crops grown in Florida. Higher rates in Florida are due to relative abundance 
of available, easily accessible water supplies, high evapotranspiration, and 
poor waterholding qualities of sandy soils. 


Sources of Water Supply 


Florida is a water-rich State, with an average annual rainfall of about 53 
inches and some of the most productive aquifers in the Nation. Both Florida's 
population and freshwater use nearly doubled from 1960-80. The principal 
source of ground water in Florida, the Floridan aquifer, supplies most of the 
water used in the State (fig. 4). The Biscayne aquifer of southeast Florida, 
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Table 10. Consumptive use of water for vegetable production at selected 
levels of adequacy, Ft. Pierce, 1925-81 average 


Month ET NIR-50_ NIR-80 NIR-90 _ 


Inches 
January 2] 1.3 ee 1.6 
February DL iO ine 1.3 
March 3.4 1.4 RAs les 
April aed) 1d in 2.0 
May 4.8 1.8 Dek 2.4 
June 4.8 8 1.4 1.6 
July ee 1.4 1.9 Zeek 
August Del 3 ec aol 
September 4.5 0 ap oo 
October hs 0 0 ee 
November 2.9 132 4 165 
December 260 el roo reo 
Total 45.9 1229 16.5 18.5 





1/ Net irrigation requirement (NIR) is the net irrigation requirement that 
would be adequate 50 percent, 80 percent, and 90 percent of the time. 


Source: UF WRC-2 and ARS Lysimeter, Ft. Lauderdale. 
NOAA 53.07 average annual rainfall, Ft. Pierce, and SCS-21. 


although limited in areal extent compared with the Floridan aquifer, is also a 
major source of ground water. Other principal aquifers include the Sand-and- 
Gravel aquifer of western panhandle Florida and the smaller, surficial, and 
intermediate-depth aquifers located beneath much of coastal and southern Florida. 
Water occurs under either confined or unconfined conditions. Where supplies 

must come from the surficial and intermediate aquifers, well yields are low. 

In others, especially where the Floridan and Biscayne aquifers occur, hundreds 
and even thousands of gallons of water per minute can be obtained per well. 


In the western panhandle, the Sand-and-Gravel aquifer is the primary source 

of water; yields from this water supply are limited. The Biscayne aquifer is 
the primary source of drinking water for all municipal water supplies south of 
Martin County. The unconfined Biscayne is affected by a system of canals used 
for water-level control and flood prevention. These canals also serve as local 
sources of recharge. 


Total water withdrawn from Florida aquifers in 1980, the most recent complete 
record for the State, was 3,/58 million gallons per day (MGD), according to 
estimates made by Healy (10). Ground water sources supplied almost 87 percent 
of the total demand for public water supply and 94 percent of the rural domestic 
water use in 1980. 
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Table 11. Water consumptive use or evaportranspiration 
of sugarcane for the Everglades area 


I 
Month ET 1/ NIR-80 2/ 


Ie 


Inches 

January 1.4 0.5 
February tes 25 
March 225 iG 
April B24 Ts 
May 4.8 Ve] 
June 6.0 ea 
July 6.5 1.6 
August Ores 7 
September Digit ce 
October Die Qrare, 
November 322 ey 
December 2.6 hs 

Total 48.5 ied 


1/ Calculated from SCS-21 procedures for effective rainfall from Everglades 
data. 


2/ NIR-80 is the net irrigation requirement that would be adequate 80 
percent of the time. That is, in 2 out of 10 years, one might’ expect to 
need this much or more net irrigation water application. 


Source: (15). 


SOILS SUITABLE FOR IRRIGATION 


The prime land in the State is located in the panhandle counties.4/ Most 
fertile soils are associated with the Dothan-Orangeburg-Fauquay association, 

but irrigated cropland on these soils has not expanded. Most irrigated cropland 
is located around Lake Okeechobee where sandy and loamy soils associated with 
central and south Florida flatwoods are predominant. This is also the location 
of muck soils most suitable for sugarcane and vegetables. These soils are 
extensively found in Palm Beach and Hendry counties. Major crops grown in 
central and south Florida are citrus, sugarcane, and vegetable crops which 
require warm temperatures to flourish. 


The soils of Florida exert only a limited influence on the development of 
irrigated cropland in the State. Soils of the panhandle counties are suitable 
for row crops such as corn and soybeans. However, the recent Census of Agricul- 
ture data indicate that sweet corn and soybean acreage in Florida declined 


4/ Personal communication with Victor Carlisle, Department of Soil Sciences, 
University of Florida, Oct. 1984. 
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Table 12. Water withdrawals in 10 leading irrigation 
counties, Florida, 1980 


‘sunsets tic at icici ttc eda ceo ET CATT Oe 


Location Water use in irrigation 

Use per day Use annually 

Mil. gallons Acre-feet 
Palm Beach 614.23 688, 390 
Indian River 278.28 SUG 
Hendry 243053 273,020 
St. Lucie Ze 2S 259,160 
Brevard 166.76 186,880 
Martin 138.93 155,852 
Glades Lae 139,065 
Orange 93.247 104,755 
Dade 391.98 100,375 
Highlands 87.56 98,185 

Total 2,067.84 DpoLLgoos 


Source: (4). 


between 1978 and 1982. Irrigated cropland in Florida will likely be associated 
with specialty crops which have a large national market and high per-acre value 
of harvested output. 


There are 2.52 million acres of class I, II, and III land in crops in 

Florida, according to the 1982 National Resources Inventory (NRI). Pasture 
acreage in the same three categories is 1./5 million acres, with a total of 
11.5 million acres of land in the three classes (table 13). Florida is a 
region where many soils, such as those that need drainage, have generally 
been made productive through proper management of soils and water. Thus, the 
amount of land suitable for irrigation development in Florida is much greater 
than would appear to be the case, and is in the neighborhood of 2.5 million 
acres. The soils of the panhandle counties are quite suitable for irrigation, 
but so far irrigated cropland has not expanded significantly there. 


ECONOMICS OF IRRIGATION 


Costs of Irrigation 


The major irrigation systems in use in Florida in 1968 were permanent overhead 
sprinklers, self-propelled traveling high-pressure guns, portable high-pressure 
guns, and perforated pipe sprinklers. Total annual costs (fixed and variable) 
ranged from $59 to $73 per acre or an average of about $5 per acre-inch of 
water applied in 1968. These costs were three to four times higher in 1983 
than 1968 as expressed in 1983 dollars (8). These ranged between $159 to $223 
per acre, or about $23 to $27 per acre-inch of irrigation application. The 
cost increases are partly due to inflation, with an inflation factor of a 87 
during this time. 
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Figure 4 
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Source: (11). 
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Table 13. Land cover/use of nonfederal land and small water, by 


land capability class and subclass, Florida, 1982 1/ 


Le 





Class 
and Pasture- Forest Minor land 
subclass 2/ Cropland land Rangeland land cover/uses Total 
1,000 acres 
I 66.6 11.3 0 19.4 0 Bice 
Ile 268.5 101.2 4 359.4 14.6 744.1 
LIW 62.5 54.1 2.6 342.1 7.8 469.1 
19 &) 174.5 72.0 Breil 244.1 4.4 498.1 
IIC 0 0 0 0 0 0 
ALL II 505.5 22D 6.1 945.6 26.8 Petes 
IIIe 94.0 53.8 0 164.7 4.4 316.9 
ILIW feiss Vi 022ie9 948.9 2,105.8 1,486.7 6,696.4 
BETS 718.4 440.1 50.6 Dys0260 64.9 2,636.5 
ILIC 0 0 0 0) 0 0 
ALL III 1,944.5 1,516.8 999.5 3,633.02 £5556.0 9,649.8 
Ball, 2,516.0 1,755.4 . 1,005.6 4,598.0 1,582.8 11,458.4 
and III 


1/ Water body with fewer than 40 acres. 


2/ Class 


Class 


Class 


Source: 


Soils have few limitations that restrict their use. 


Soils have moderate limitations that reduce the choice of 
plants or that require moderate conservation practices. 


Soils have severe limitations that reduce the choice of plants, 
require special conservation practices, or both. 


Subclasses are soil groups within one class; they are designated 
by adding a small letter, e, w, s, or c to the class numerals, 
for example IIe. The letter e shows that the main limitation 

is risk of erosion unless close-growing plant cover is maintained; 
w shows that water in or on the soil interferes with plant growth; 
s shows that the soil is limited mainly because it is shallow, 
droughty or stony; and c shows that the chief limitation is 
climate that is too cold or too dry. 


(31). 
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Another important factor influencing the operational costs of sprinkler irri- 
gation systems is the increased costs of fossil fuels in the United States. For 
example, the cost of diesel fuel increased from $0.37 per gallon in 1974 to $1 
pers Sarton in 1980 7(30), an inflation factor of 2.7. 


Use of trickle irrigation systems with spray jets has been increasing during the 
last 6 years. These systems provide advantages of both lower initial and opera- 
ting costs, compared with permanent sprinklers and traveling gun systems. The 
trickle system reduces water use per acre for citrus and orchard crop production. 
Water is released into or very near the crop root zone, thus reducing evapotrans- 
piration losses as well as losses from excessive wind drift. An additional major 
advantage of trickle irrigation systems is that they also provide a measure of 
cold protection for the citrus crop. Under-tree, spray jets reduce freeze damage 
from radiation frost. 


Irrigation costs for row crop production in the northeast and northwest sections 
of Florida vary widely between irrigation methods. Irrigation application 

costs ranged between $10.37 per acre-inch for low-pressure center pivot systems 
to $17.83 per acre-inch for the traveling gun system (table 14). A center pivot 
system (medium pressure) for 138 acres had an investment cost of approximately 
$57,100, and annual operating cost of $9,791.34 (table 15). Costs of various 
other irrigation systems are provided in tables 16, 1/7, and 18. 


Costs of Sprinkler Systems 


Two types of sprinkler irrigation systems have been extensively used in Florida 
orchard crops: traveling gun sprinkler and permanent overhead sprinkler systems. 
Cost estimates are outlined in table 19. 


Costs of Trickle Irrigation Systems 


From 1978 to 1980, approximately 69,000 acres of trickle irrigation were developed 
for Florida citrus groves and an additional 60,000 acres are currently being 
developed for irrigation with trickle irrigation systems. Trickle irrigation is 
usually combined with under-tree, spray jet systems which provide cold protection 
during radiation freezes. This feature made under-tree, spray jet systems the 
most popular type of trickle irrigation systems in Florida for citrus and orchard 
crops. A detailed cost analysis for trickle systems suitable for irrigating 40 
acres of citrus with 7 inches of water per year is given in the appendix. 


Yield Response to Irrigation 


Research in Florida indicates that average yield increases of 35 to 47 percent 
can be expected from sprinkler irrigation of oranges and grapefruit, respectively. 
These yield increases occur on sandy soils where waterholding capacities are 
usually low. 


Citrus varieties respond differently to irrigation. Yield responses from 
irrigation over a 6-year period were significant for Hamlin and Valencia oranges, 
and Marsh grapefruit on rough lemon rootstock. These varieties were irrigated 
at a rate of 1/3 depletion of available soil moisture in the first 5 feet of 
Astatula fine sand from January to June and at a 2/3 depletion rate for the 
remaining part of the year. Yield increases were 35 percent, 29 percent, and 

47 percent for Hamlin and Valencia oranges and Marsh grapefruit, respectively. 
Pineapple orange trees yield increases of 10 percent were not statistically 
significant. 
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Table 14. Irrigation costs for row crop production, 
north and northwest Florida, 1981 








Type of Fixed Operating Total 
system costs cost costs Unit costs Li/ 
ass Dollars per acre ~------- Dollars per acre-inch 
Center pivot 2/ 50.46 20.49 70.95 Li 82 
Center pivot 3/ 45.36 16.84 62.20 10.37 
Traveling gun 4/ 50.99 42.71 93.70 15.62 
Traveling gun 5/ 66.54 40.44 106.98 17.83 


Ly, Based on six, l-inch applications per year. 


2/ $57,100 initial costs for pump, well, power unit, and system for 138 acres 
- irrigated of 160 ac. field (medium pressure, 80 psi at pivot). 


3/ $51,800 initial costs for pump, well, power unit and system for 138 acres 
irrigated of 160 ac. field (low pressure, 40 psi at pivot). 


4/ $39,750 initial costs for pump, well, pipe, power unit, and system for 100 
acres (cable tow). 


5/ $48,618 initial costs for pump, well, pipe, power unit, and systems for 100 
acres (hardhose). 


Source: (9). 


Yields of field corn for grain in 1982 increased by 34 bushels to 90 bushels on 
the average, while soybean yield increased from 25 to 28 bushels with proper 
irrigation. Irish potatoes showed a marked increase of 49 cwt per acre, with 
an average yield of 218 cwt per acre on irrigated fields. 


Net returns attributed to irrigation water use are calculated for selected 
crops based on 1982 costs and price data. Dry cropland budgets for citrus, 
vegetables, and sugarcane are not available for comparisons with irrigated 
citrus, vegetables, and sugarcane budgets. For potatoes, an increase in net 
return of $606.25 per acre is attributed to the use of irrigation, while 
irrigation of soybeans exhibits a net loss of $54.60 per acre (table 20). Corn 
shows a net increase in returns of $17.25 per acre resulting from irrigation. 


Costs and Returns for Selected Crops 


Understanding the potential for irrigation practices requires specific 
knowledge of the profitability of various irrigated crops, and the impact 
that this will have on the adoption of irrigation. Therefore, the returns 
from selected crops are discussed below. 
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Table 15. Costs of a pivot system (medium pressure) 138 acres, 
one pivot, six applications of 1 inch each, 1981 


Investment Annual 
System costs costs 
Dollars 
Well, 12”; 400' 
(20 years, S.L. depreciation) 1/ 8,800 440.00 
Pump, includes gearhead 2/ 
(800 gpm, 250 ft. TDH) 
(15 years, S.L. depreciation) 8,500 566.67 
Power unit, 75 hp 
(12 years, S.L. depreciation) 9,800 816.67 
Center pivot system, includes 
freight and installation 
(15 years, S.L. depreciation) 30,000 2,000.00 
Diesel fuel, 4.4 gal./hr., 420 hrs. 
pumping time, fuel @ $1.20/gal. Deel Te OU 
Repairs, 4.2 hrs. @ $15/hr. 63.00 
habOrwo3enrs. @-53.00/hr. 115.50 
Interest on investment, well, pump, 
power unit, system charged 
@ 10 percent 22 656 OO 
Taxes and insurance charged 
@ 0.5 percent of investment 
Total costs 57,100 9,791.34 
Annual operating costs/acre 20.49 
Annual fixed costs/acre 50.46 
Total annual costs/acre 70.95 
Cost per acre-inch 11.82 


een eee ree ee eee eer Se 


1/ Straight-line depreciation. 
iz] T.D.H., total dynamic head or the head against which the pump is operating. 


Source: (9). 
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Table 16. Costs of a center pivot system (low pressure) 138 acres, 
one pivot, six applications of 1 inch each, 1981 








Investment Annual 
System costs costs 

Well, 12”; 400' 

(20 years, S.L. depreciation) 8, 800 440.00 
Pump, includes gearhead 

(800 gpm, 160 ft. TDH) 

(15 years, S.L. depreciation) 7,000 466.67 
Power unit, 50 hp 

12 years, S.L. depreciation) 6,000 500.00 
Center pivot sytems, (low pressure); 

ind. freight and installation 

(15 years, S.L. depreciation) 30,000 2,000.00 
Diesel fuel, 3.4 gal./hr., 420 hrs. 

pumping time, fuel @ $1.20/gal. ye leo 
Gil 7) 2acal.8 deo0/ gal. 432.00 
Repairs, 4.2. hrs. @ $15/hr. 63.00 
Labor. (Drs. )e8o3.50/ nr. 115.50 
Interest on investment, well, pump, 

power unit, and system @ 10 percent 2,590.00 
Taxes and insurance charged 

@ 0.5 percent of investment 2 oO 
Total costs 51,800 Seo lve fh 
Annual operating cost/acre 16.84 
Annual fixed costs/acre 45.36 
Total annual costs/acre 62.20 
Costs per acre-inch 10.37 





Source: (9). 
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Table 17. Costs of a traveler (cable-tow) system 100 acres, 


six applications of 1 inch each, 1981 








Investment Annual 
System costs costs 
Dollars 

Well, 10"; 400' 

(20 years, S.L. depreciation) 5,500 275.00 
Pump, includes gearhead 

(600 gpm, 350 ft. TDH) 

(15 years, S.L. depreciation) 7,000 466.67 
Power unit, 75 hp 

(12 years, S.L. depreciation) 7,000 583.33 
Traveler unit, reel and hose 

(10 years, S.L. depreciation) i500 Pas 00 
Underground pipe; 6"; 2400' 

(20 years, S.L. depreciation) 8,750 437.50 
Diesel fuel, 4.4 gal./hr., 600 hrs. 

pumping time, fuel @ $1.20/gal. 3,168.00 
Oita ecalea@uso/ gals, 432.00 
Repairs, 6 hrs. @ $15/hr. 90.00 
Labor, 166 hrs. @ $3.50/hr. 581.00 
Interest on investment, well, pump, power 

unit, traveler unit, and pipe, 

@ 10 percent L510 
Taxes and insurance charged 

@ 0.5 percent of investment Lose) 
Total costs 59750 9,369.75 
Annual operating cost/acre 42.71 
Annual fixed costs/acre 50.99 
Total annual costs/acre 05520 
Cost per acre-inch 15.62 





Source: (9). 


Table 18. Costs of a traveler (hard hose) system 100 acres, six 
applications of 1 inch each, 1981 


i 


Investment Annual 
System costs costs 

a ee ee wa eee ee ee Ne en ee 
Well, 10"; 400° 

(20 years, S.L. depreciation) 5,500 275.00 
Pump, includes gearhead 

(600 gpm, 415 ft. TDH) 

(15 years, S.L. depreciation) 77,500 500.00 
Power unit, 90 hp 

(12 years, S.L. depreciation) ia OU 645.83 
Hard hose traveler unit (comp.) 

(10 years, S.L. depreciation) 23,500 2,350.00 
Underground pipe; 6" PVC, 1200' 

(20 years, S.L. depreciation) 4,368 218.40 
Diesel fuel, 5.2 gal./hr., 600 hrs. 

pumping time, fuel @ $1.20/gal. 3 74400 
Repairs, 6 hrs. @ $15/hr. 90.00 
Tabor, 00 NLs.r Goo. 0U/ iL. 210.00 
Interest on investment, well, 

pump, power unit, hard hose 

unit, pipe @ 10 percent 2,430.90 
Taxes and insurance charged 

@ 0.5 percent of investment 234.09 
Total costs ; 48,618 10697232 
Annual operating cost/acre 40.44 
Annual fixed costs/acre 66.54 
Total annual costs/acre 106.98 
Cost per acre-inch 17.83 


a 


Source: (9). 
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Table 19. Sprinkler irrigation system cost estimates 
for citrus production, Florida, 1983 








Initial Fixed Operating 
Type of system costs costs costs Total costs 1/ 
Dollars per 
ee een DOVIACSEDCr.s aClG Saas —=s—=—— acre-inch 
Under-tree 
spray jet 2/ 
Type l 632 136. 21 22.94 oo eke Dare d 
Under-tree 
spray jet 2/ 
Type 2 950 171.14 20.05 LOL 9. esl 
Traveling gun 
cable tow 655 Dies 105.63 223.60 24.84 
Permanent 2/ 
overhead P92 Delp Lt aise )s) Z2UO¢ LZ ZaeDD 


Note: Cost analyses were based on a typical system size for irrigating 60 acres. 


1/ Actual contract costs for complete systems. Based on water applications of 
7 inches per year for trickle and 9 inches per year for traveling gun and 
permanent overhead systems. 


Zh Designed to irrigate entire acreage simultaneously for cold protection and 
irrigation. 


Source: (8). 


The cost and return estimates for citrus are based on field surveys conducted 
by Muraro (12) of selected growers, statements by input suppliers, and from 
discussions with experts at the Agricultural Research and Education Center in 
Lake Alfred area. The budgets developed are for healthy, mature, rough lemon- 
rooted orange groves in the ridge areas of central Florida. The generation of 
cost and return data are designed to be applicable to any grove situation 
having good management and cultural practices. Other important factors 
considered are as follows: (1) it is a 25-year-old irrigated grove, (2) the 
plant type is round orange on rough lemon rootstock, (3) tree loss is 2 
percent annually, (4) trees are pulled and replaced when production falls below 
50 percent of the expected yield, (5) production is for processing only, and 
(6) trees are spaced at 70 per acre. 


The net returns per acre for citrus varied from $752 in 1981-82 to $1,591 
in 1982-83, as the market price and yields changed (table 21). Costs of 
producing citrus varied from $523 in 1979-80 to $647 in 1982-83. When the 
winter freeze occurred, the citrus yields dropped considerably. Especially 
note the reduction in citrus yields in 1981-82. 


*stsXTeue 34} 1OF powNsse seM 197eM UOTIESTAAT Jo 
SayoUT g Jo uot eoT{Tdde wiojstun W “*{[TeyUTeA TeooT pue doad yRTM AzeA suotqeot{dde uoyTWeByTAIy ssersay /T 








S¢*SO9 G6°OL 07°9L9 O8°EeT 67 BIZ 69T $9038 30d 
soca Re pS tn SAG ee 
09°7¢- G6°OL Ge°9oT G7°S c 87 GZ sueeqhos 
GGiaeil G6°0OZL 02°88 G7°Z 9€ 06 7G utoy 
i Sen le la ow on Se ee rot SIP TOQ —---------------------  ---------------- sT[eysng ---------------- 
uinjei jou 3s00 uoTIeBTAAFT 0} 3run aZsueyy) uoT,eBTAAT uoTie3Tiit adh 
ut ssueuy uot AesTAAT onp peppe ied 4uaTM 3nNoyuITM doi) 
aBe1ZAYV OnTeA aoTAd PTOTA 





oT) Z86L Septazotg ‘sdoid paqoeTes 10J uoTIeSTAAT JoATd Aaqus. YIM etoe aed suinjel YON *OZ7 2TWPL 


30 


Also, these data do not reflect costs incurred during freezes. Paying crew to 
stand by the heaters on the cold nights in one average season costs approximately 
$25 per acre. The cost of setting up and removing heaters and the amount of 

fuel used during the freeze also increases the costs resulting from cold weather. 


For white seedless grapefruit grown in the Indian River area, the net return 
varied between a low of $242 in 1982-83 to a high of $869 in the year before 
(table 22). For the period 1979-84, the average net return per acre was $589. 
The main cultural practices, including plant density, are similar to orange 
crops grown in central Florida. 


Table 21. Estimated annual per acre costs and returns for mature, round 
orange groves, produced for processing, central Florida, 1979-84 


Price Yield Gross Total Net returns 
Year per box per acre revenue specified cost per acre 
Dollars BoxeS enn Dollars -----~--------- 
1979-80 3.90 404 15 2/9.60 peo. 39 1052221 
1980-81 4.54 2 323 1,466.42 5/265 894.26 
1981-82 AES ci B23 1,340.45 588.27 WOLLS 
1982-83 Be 404 2,238.16 647.09 1995 9.16207. 
1983-84 ey 62) 323 SOB S75 646.87 1, 371088 
Average for 4.88 355 oe .40 B95. 50 1,136.84 


5 years 


1/ Estimated price. 


2/ Yield reduced due to January or December freeze during 1981-1982 and 1983. 
Dh Fixed costs such as taxes, debt payment, and insurance are not included. 


Table 22. Estimated annual per acre costs and returns for a mature, white 
seedless grapefruit for fresh fruit packing, Indian River area, 


1979-84 
Price Yield Gross Total Net returns 
Year per box per acre revenue specified cost per acre 

Dollars BOXOSateeG Paseo ane Do Ulan str sales ssa 

1979-80 Se B75 120.25 486.26 769.99 
1980-81 3.88 375 1,455.00 587.07 868.93 
2981-32 ya oMl Bl i323 848.38 601.36 247.02 
1982-83 2.26 a) 847.50 606.00 241.50 
1983-84 ee 3/) 1,492.50 665.02 827.48 


Average for ! 
5 years 3.20 368 1,170.60 3/ 588.94 588.66 


1/ Estimated price. 
2/ Yield reduced due to January 1982 freeze. 
3/ Fixed costs such as taxes, debt service, and insurance are not included. 
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Selected Irrigated Vegetable Operations 


The highest net returns in 1982-83 for any specific vegetable type are for 
tomatoes (20). For example, tomatoes grown in Dade County produced a net 
return of $2,449 per acre, while tomatoes grown in Manatee County averaged 
$2,062 per acre. Costs of producing tomatoes also varied for the counties, 
with the highest cost of production of $6,123 found in Dade County and 55,968 
per acre in Manatee County. 


Celery is another vegetable crop producing high returns per acre during 
1982-83. This crop produced a net return of $1,475 per acre in Lake County 
and a net return of $701 per acre in the Everglades area, especially in Palm 
Beach County. Most of the difference in net returns between these two areas 
can be attributed to higher cost of production in the Everglades area. The 
cost of production of celery varied from $3,602 in Lake County to $4,482 per 
acre in Palm Beach County. 


Leaf crops and squash were other important vegetable crops producing relatively 
high net returns per acre. Leaf crops grown in Lake County netted a return of 
$766, whereas squash grown in Palm Beach and Broward counties gave a net return 
of $579 per acre. 


Potatoes produced in Dade County showed a loss of $484 per acre, while 

the potatoes grown in Putnam County in the northeast gave a net return of 
$293 per acre. Watermelon crops are grown especially in Collier, Hendry, 
and Lee counties and generated modest net returns in the amount of $198 per 
acre. 


Sugarcane Production 


Sugarcane is grown mainly in counties south of Lake Okeechobee because cane is 
highly sensitive to low temperatures. This crop was produced on 355,000 acres 
in 1982-83 and accounted for $542 million of gross revenues to the local economy. 
A net return in 1982-83 of $211 per acre was expected on the well-managed muck 
soils (1). Muck soils are specially suitable for this crop, because of its 
waterholding qualities, while sandy soils are less suitable for this Crop. 


These net returns are for a hypothetical farm located 15 miles from the mill 

and include no extra costs for transportation of cane to the mill. In order to 
reflect economies of scale, we assumed a large-sized and well-managed farm. In 
the 1983-84 season, the cost of producing 1 acre of sugarcane amounted to 

$866. These costs and returns are for freshly planted sugarcane, whereas for 
ratoon cane the yield and returns are usually lower. Ratoon cane can be grown 
for 2 to 4 years depending upon the quality of the standing crop. The quality of 
ratoon crop gradually deteriorates with years, especially in the fourth year. 


Demand for Irrigated Crops 


The demand for most irrigated crops is increasing. The frozen concentrate 
industry has allowed Florida citrus producers to widen their market. Nearly 

94 percent of the 1982-83 crop was processed as concentrated juice (table 23). 
Grapefruit was grown on 129,000 acres in 1982-83 season, contributing about $82 
million in gross value. Half of this crop was sold as fresh fruit. Tangerine 
production in Florida has been declining steadily; most of this crop is usually 
sold as fresh fruit. Florida's sugarcane production has expanded significantly 
since 1960, when the United States ceased importing Cuban sugar. In the 1980's, 
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Table 23. Oranges: Acreage, yield, production, use, season 


average price, and value, Florida 


Use of production On-tree 
Crop Bearing Yield Price per Value of 
ear acreage er acre Total Fresh Processed box roduction 
1,000 acres Boxes 1,000 boxes (90 lbs. box) Dollars 1,000 dollars 
1963-64 388.0 141 54,900 bb, 939 42,961 4.24 243,935 
1964-65 435.0 189 82,400 14,598 67,243 2643 200,276 
1965-66 472.0 203 95,900 LO P3062 80,518 162 1537625 
1966-67 522.0 267 139., 500 17,876 121,624 94 130,526 
1967-68 55.0 180 100,500 17,096 83,404 Zan 207 ,432 
1968-69 595.6 218 129700 13,304 116,396 1.68 218,660 
1969-70 636.1 216 137,700 35263 124,437 1.14 156,876 
1970-71 660.5 215 142,300 P35962 128,338 1.46 208,146 
1971-72 624.2 219 137,000 BY .2339 259767 2.04 280,317 
1972-73 619.6 274 169,700 L23223 Li57477 1.56 265,361 
1973-74 614.6 270 165,800 11,090 154,710 1.47 244,691 
1974-75 610.4 284 1739300 13 $393 1595907 1.62 280, 350 
1975-76 596.4 304 181,200 PEST 30 169,470 Tev7 321,449 
1976-77 594.3 314 186,800 8,878 LP 7922 Dele 405,982 
1977-78 579.0 290 167,800 9,966 1577834 4.14 693,677 
1978-79 571-5 287 164,000 113701 D527299 4.66 764,961 
1979-80 576.6 356 206,700 10,990 195,710 3372 768,877 
1980-81 573.4 301 172,400 8,276 164,124 4.04 697s 231 
1981-82 560.2 225 125,800 7,620 118,180 4.28 538 ,686 
1982-83 536.8 260 139,500 10,295 129,205 Die 732,473 
Note: The yields of citrus shown are lower than those given in table 21, because 


these yields are averages for both irrigated and nonirrigated citrus. 


Source: (5). 


Florida became the largest U.S. cane producer, accounting for 43 percent of the 
production in 1982. With the increase in production of sugarcane, irrigated 
acreage of this crop has also expanded as it has a high water requirement. 


Florida alone accounted for 13.6 percent of the U.S. area harvested for 
vegetables and generated about 19.6 percent of the U.S. total value of these 
crops. The acreage of citrus and fresh vegetables grown in Florida has 
increased since 1954 and thus the probability for irrigation development 

is high, especially for citrus and vegetables. 
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POTENTIAL FOR IRRIGATION IN FLORIDA 


According to the 1982 Census of Agriculture, 2.64 million acres of cropland 

were harvested in Florida, including approximately 1.6 million acres of irrigated 
cropland. Citrus, sugarcane, and vegetables have a national market, and any 
market expansion will increase the extent of irrigated cropland in Florida. 
Climatic conditions, along with large quantities of underground water resources 
in major producing areas, indicate further growth in irrigated land use. 


The number of irrigated acres declined in Florida between the census years of 
1978 and 1982. Close examination of the census data indicated that the decline 
occurred in irrigated pasture because 1982 rainfall was adequate during the early 
spring when pastures are typically irrigated. There were no indications that a 
major change had occurred in the irrigated sector and in longrun trends in 
irrigation. 


Irrigation in Florida is expected to follow long-term trends during the next 
decade and reach and maintain a level of approximately 2.5 million irrigated 

acres of cropland and pasture. This assumes that the State will keep its market 
shares of citrus, sugarcane, vegetables, and specialty crops and that the national 
demand for these crops will keep pace with population and income changes. 


Florida is the principal U.S. supplier of fresh vegetables during late fall 

and spring. Western Mexico produces vegetables for the U.S. market primarily 
between January and March. Florida's share of the October to June vegetable 
market has climbed to 51 percent. At the same time, Mexico's share has climbed 
to 40 percent. Both regions have been gaining market shares at the expense 

of Texas and the Caribbean nations. 


Irrigation development in Florida over the next decade will be influenced by 
several factors which will influence both the number of acres and location of 
irrigation: 


1. Irrigation will be used to a greater extent for secondary production 
purposes such as reducing freeze damage, crop cooling to delay early 
budding or blooming, application of chemical or chemigation, and land 
disposal of liquid livestock waste. 


2. Irrigation may be expanded to remain competitive in specialty crops. 
Yield responses to irrigation in Florida are high in citrus (35-50 
percent), corn (200 percent), and potatoes (25 percent). Irrigation 
is needed for vegetables produced during October to June when rainfall 
is below crop requirements. 


3. Citrus suffered severe freeze damage in recent years which may trigger 
the relocation of citrus production. Production of citrus may shift 
further south where temperatures do not fall below 28°F as producers 
replace damaged growing stocks. Frequent water applications are 
required on the sandy soils to maintain product quality and output 
levels. 


4, Irrigation will expand to meet the increase in national demand 
associated with population and income growth and Florida's share of 
specialty crop acreage will increase, as it has been increasing in 
the past 28 years. 
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5. Florida's production is concentrated in high-valued crops that produce 
high per-acre net returns. Tomatoes produce $2,000/acre net returns. 
Between $1,000-$2,000/acre net returns are earned for orange and celery 


crops. Grapefruit, vegetables, and potatoes have net returns between 
$500-$1,000/acre. 


6. Florida is a water-rich State with adequate supplies of agricultural 
labor. Both irrigation and low-cost labor will help in remaining 
competitive and maintaining market shares. 


7. In the long run, urban expansion will likely replace irrigated 
agriculture in urban areas as land is idled and residential and 
business development takes place. There is adequate land area to 


provide for both agriculture and urban expansion in the intermediate 
run. 


The factors affecting irrigation in Florida are conducive to continued growth 
in the number of acres irrigated during the next decade. The expansion in 
demand for the major crops grown in the State will maintain the profitability 
of producing these crops and will likely lead to further expansion of irrigated 
cropland. 


3) 


8. 


10. 


ll. 


12. 


REFERENCES 


Alvarez, Jose and Francisco Rohrmann, Costs and Returns for Sugarcane 


Production on Muck Soils in Florida, 1983-84, Economic Information 
Report 204, Food and Resource Economics Department, Cooperative 
Extension Service, Institute of Food and Agricultural Sciences, Univ. 
of Florida, Jan. 1985. 


Bajwa, Rajinder S., Humid Region Irrigation: Geographic and Economic 
Perspectives, Michigan Geographical Publication No. 28, Univ. of Michigan, 
Ann Arbor, July 1983, pp. 151-155. 


Bajwa, Rajinder S., William M. Crosswhite, and Dwight M. Gadsby, 


Consumptive Use of Water and Supplemental Irrigation Needs for Selected 


Crops and Locations in the Southeastern United States, Natural Resource 
Economics Division, Economic Research Service, U.S. Dept. of Agriculture, 


Staff Report No. AGES830616, June 1983. 


Bureau of Geology, Florida Department of Natural Resources, Map Series, 
Estimated Water Use in Florida, No. 103, 1980. 


Florida Agricultural Statistics 1983, Citrus Summary. 


Florida Crop and Livestock Reporting Service, Florida Citrus Fruit Annual 
Summary 1949, p. 5. 


Harrison, D.S., et al., Irrigation in Florida Agriculture in the 80's, 
Bulletin 196, Florida Cooperative Extension Service, Univ. of Florida, May 


1983. 





Harrison, D.S., A.G. Smajstrala, and F.S. Zazueta, Sprinkler, Trickle and 
Other Irrigation Systems: Costs Estimates for Citrus and Orchard Crops, 
Bulletin 197, Florida Cooperative Extension Service, Institute of Food and 
Agricultural Sciences, Univ. of Florida, Oct. 1983, p. 17. 


Harrison, D.S., A.G. Smajstrala, and J.M. Stanley, Equipment Requirements 
and Cost Comparisons for Mechanized Sprinkler Systems Used in Row Crop 


Production, Including Low Pressure Systems, paper presented before ASAE 
meetings, Sheraton Twin Towers, Orlando, Feb. 7-9, 1982. 


Healy, H.G., Estimated Pumping from Ground-Water Sources for Public Supply 
and Rural Domestic Use in Florida, Florida Bureau of Geology, Map Series 
108, 1981. 


Heath R. and C. Conover, Hydrological Almanac of Florida; USGS Open-File 
Report 81-1107 (1981). (Modified from G.A. Irwin and H.G. Healy, 1978, 


Chemical and Physical Quality of Selected Public Water Supplies in Florida, 
August-September 1976: USGS Water Resources Investigations 78-21, 200 p.) 


Muraro, Ronald P., Budgeting Costs and Returns: Central Florida Citrus 


Production, 1983-84, Economic Information Report 197, Food and Resource 
Economics Department, Agricultural Experiment Station and Cooperative 
Extension Service, Institute of Food and Agricultural Sciences, Univ. of 
Florida, June 1984. 


36 


iss 


14. 


' 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


21% 


28. 


Nuttonson, M.Y., Agro-Climatology and Global Agroclimate Annalogues of 


the Citrus Regions of the Continental United States, American Institute 
of Crop Ecology, Washington, D.C., 1965, p. 5. 


Palmer, Wayne C., Meteorlogical Drought, Research Paper No. 45, U.S. 
Weather Bureau, U.S. Dept. of Commerce, Washington, D.C., Feb. 1965. 


Shih, S.F. Water Requirements of Sugarcane Production, ASAE Paper 79-2095, 


Everglades Experiment Station, presented in June 1979. 


Shih, S.F. and G.J. Gascho, Water Requirements for Sugarcane Production. 
Transactions American Society of Agricultural Engineers, 1980, 23: 934-937. 


Shih, S.F., Rice Water Relationships, P. III-I to III-5 in Belle Glade 
AREC Research Report IV-1981-3 "Fourth Annual Rice Field Day.” 


Solley, Wayne B., Edith B. Chase, and William B. Mann IV, Estimated Use 
of Water in the United States in 1980, U.S. Geological Survey, Circular 
1001, 91983, table 5, p. 18. 


Stewart, E.H. and W.C.M. Mills, Effects of Depth to Water Table and Plant 


Density on Evapotranspiration Rate in Southern Florida, Transaction ASAE 
10:746-747, 1967. 


Taylor, Timothy G., and Gary H. Wilkowske, Costs and returns from Vegetable 


Crops in Florida, Season 1982-83 with Comparisons, Economic Information 
Report 199, Food and Resource Economics Department, Agricultural Experiment 


Station, Institute of Food and Agricultural Sciences, Univ. of Florida, 
June 1984. 


U.S. Census of Agriculture, 1954, Vol. 1, Counties and State Economic 
Areas, County table 9A, p. 151. 


U.S. Census of Agriculture, 1959, Vol. 5, Part 2, Florida, Special Reports, 


Irrigation in Humid Areas, p. 110. 


U.S. Census of Agriculture, 1964, Vol. 1, Part 29, Florida, Statistics for 
Counties, table 14, p. 440. 


U.S. Census of Agriculture, 1974, Vol. 1, Part 9, Florida, State and 
County Data, table ll. 


U.S. Census of Agriculture, 1978, Vol. 1, Part 9, Florida, State and 
County Data, table 10. 


U.S. Census of Agriculture, 1982, Vol. 1, Part 9, Florida, State and 
County Data, table 2, pp. 133-137 and table 4, p. 165. 


U.S. Census of Agriculture, 1979, Farm and Ranch Irrigation Survey, Special 
Report, Vol. 5, table 19, p. 106. 


U.S. Census of Population, U.S. Department of Commerce, Bureau of the 
Census, PC 80-1-All, Florida, table 3. 


Sh, 


29. 


30. 


31. 


PAS 


33. 


34. 


U.S. Corps of Engineers, Jacksonville District (1967), Survey -- Review on 
Central and Southern Florida Project, Martin County, Florida (Portions of 

the report published later as Senate Document No. 101, 90th Congress, U.S. 
Government Printing Office). 


U.S. Department of Agriculture, Inputs Outlook and Situation Report, 
TS0-8,) Aug? 19657 ppre2s-3 1. 


U.S. Department of Agriculture. Soil Conservation Service and Iowa 
State Statistical Laboratory, Statistical Bulletin: Basic Statistics, 
1982 National Resource Inventory (forthcoming), 1985. 


U.S. Geological Survey, National Water Summary 1983 -- Hydrologic Events 
and Issues, Water-Supply Paper 2250, 1984, p. 106. 


Ward, Robert M., Cold and Wind Hazard Perception by Orange and Tomato 
Growers in Central and Southern Florida, Michigan Geographical Publication, 


No. 9, Department of Geography, Univ. of Michigan, 1973, 260 pp. 


Water Management District of South Florida, In Depth Report, The Challenge 
of Water Management, Vol. 5, No l. Mar. 1980, p. 6. 


38 


-- poenutjuo) 


GS°EY 
Gis GL 
pyeey 
IZ Sel 
OL°? 


67° ET 
O€S1 
O7°S 
ClPi cy 
os*scZe‘T 


S731 
CPETe 
CECSEUFC 
Z0°S8 

HXe TAT 


L0°9T 
70°606‘T 
9I°TE 
9n°E 
99°8EE ST 


72°609‘T 
18°8 
TL°944 
8Z°S 
00°64 







Teo] 


191eM [Te 


00° 


vCe 
00° 


00° 


ou 


TTes 


TeIOL 


ysolj 


GS°Ee# 
Glock 
87°SE 
Ee saCigl 
OL°< 


vamos 
O€°*T 
07°S 
67° LC% 
08°OST 


3Z> 1 
ELCs 
Ge °SEP 
c0°8 
VIATLI 


One | 
70°CT 
OUTe 
7a 0 

DOECEC 


cL* 661 
18°8 
Le° oy 
8C°S 
00°67 


Teo] 


== 09° 
00°GZ2* 1 ~€6" 
O0-002-c 200: 
0-769 1 976° 
Cee tel ao Le 
OS 607-1) Ste 
~- ZO* 
OS*°€04 

a th° 
Aep ia 

euTTes yserjs 










uo; Jeioues 


Jamod dTADaeTeoWIDU, 


T6°8€ 
Vie 
CC-9C1 
OCs) 


6c°9 
LO ee 
O€°? 
Los 


6c° 
Teare 
85°68 
€6° 
6°98 


OTS! 
Cie 
06°42 
oom 
6S°E4 


oto 8 
90° 
os 
cout 
€c°6l 


SUOTTeGS UOTTTIW 


ysoij 
UOT IeSTAAL 


suTTes 


pettddns zTas 


6L° 
76°69 
TOE 


90° 


Yoel 
TO°* 


SOm ys 
606.72 


Cvs 
toe 
Cleo. 
Le 

VGC 


Oct 
cae 
00° 
cL* 
6T*T 


VC" 
Tia. 
Bye 
Obs 
Coal 


Te faz SNnpuy 


yseij 


8S°C 


OLY 
16°? 
6S°T 
99° 
cS °8 


ysoij 
Teainy 


a ES 
97-0 
99° 6S 


cs° 
1 

27 ,9U0E 
10°? 
Of °61 


EGat 
163 
t6a7 
€&° 
66° 781 


LL°8?¢ 
cUst 
OS°6E 
Wie 
8I°stT 


tddns 
2FTqNd 


voepliey 
uojTTweYH 
s1n9 
SOPpeTD 
3129qTTD 


uepspey 
uFTyuesy 
IITSeTA 
etTqueosy 
Teang 


oTxXTd 
0230S eq 
eped 
erFqunToo 
L9TTTOOD 


AeT9) 
sniit9 
a3.0TIAeYD 
unoyTe9 
paemoig 


pieasg 
pros persg 
Aeg 
zayeg 
enyoe Ly 


set uno) 





[| xfpuoddy 


O861 ‘Ssetqunos Aq ‘Ssasn [Te AOF ePTAOTY UT sodinos JusiaesjTIp WOT uUMeAPYATM 124eM TRIO] 


39 


-- penutjuo9 


PreeOGe fe 7Ts0GC Obst Gyms / ys i €Z°7 19 Zee 19°Z COsulal I8°€ZI Yyoeeg myed 
€9°TE -- €9°Te -- 00°T COLO -- OL° CueG 61°% B[O80SO 
90°9IZ -~ 90°9IZ mm 09°7Z L4°€6 -—- 7°ST ve oT 17°69 asuei9 
0S° 16 =~ 0S° 16 ~~ -- 27°78 -- gt° Cee Coot 3eqoyd2040 
C9°IZ -- C9°IZ =~ -- a -—- 79°4 L6°E 6°7I BSOOTEYAO 
97°OIT 00°Z 94°80T “= 00°6€ 6£° 00°Z 8T°6S Ciel Cia nessen 
cv7°es 00°62 Chey 00°62 0z° 64° -~ =~ -- QL°E ao1Uu0HW] 
88° 161 “= 88° 161 “= O€°O¥ €6°SET -- ?7I° 8E°9 “S19 uTq1eyK 
€6°9€ -- €6°9€ a ~~ L7°6T -- G°T 11°6 81°9 uoTiey 
€9°C6 €9°C6 ~= 09°¢€ 09°S9 -—- 61° BE°S 98°07 aoa euey 
09°€ “= 09°¢€ -- -~ L021 -- 40° SGat 96° uos Tpey 
g/° Le g/° -- -- -- —- €€° OE° €T° 43129qTT 
EIEG -~ Z9°S ~ =~ awe -- 72° Ogec Olt kaa] 
Z9°8E -- Z79°8E ~~ OZ °¥ Geec —- 92°IT 19°€ Oc 7 u08] 
ZS° HLS = 72° LS -— cy L847 ZH° OH -—- 60°F 1€°9 78°67 aa1 
1101 -- Chet) -~ -- Zee -- 8I°It 94°9 6€°IT aye] 
£S22 ~~ PG? “= ~- 7031 -- -- Se°T Zi a3 ehesey] 
GS27 ~~ SS°Z -- ~~ oT -—- ¢0° 8Z°T 67° uosiesjor 
€S*SEI = €G°CET -~ 0O°SIT 94° TT -- 48° 80°E Gwe uosyorr 
9L°64VE €7°CS €€°767 =—09* HS Of °¥ 8Z°8LZ €g° LO°T Ly°y 1Z7°9  dJeATY ueTpuy 
08°z -- 08°Z -- ~— Um: -- 90° 78°T 79° souy OH 
CO“9THAZ “69°98 1C*c «YE°f6T «OS *ORTAZ*® 12°72 88° TZ 6E°8E LL°9Z ec Of OL°¥8 Ysnorl0gs{TTTH 
Ly°s_t -- LY°SLt ~~ Te227 9¢°L8 -—- 6° 0€°9 C6°" spueTystH 
€9°T? -- €9° TY —— a L6°E -—- oO9°lE 76°47 PL? T opueuiey 
97°87 -- 97°877 -- ~- ES°EV~ -—- €@° S27 00°Z Ai pusy 












ep aed suoT{Tes uot{{ttw 








191eM T[T@ sutTes ysers suTTesS Yse1s yserj eUuTTeS YseIs yse1j tddns seTquno) 
yeqoL Teq1OL TeIoOL uoTze19Ue3 UOT}IeSTAI]  pettddns j pes Teainy 2TTqnd 


demod dTA,DeTVIouIaU [Te taqsnpuy 





O86 ‘Setqunos Aq ‘sesn [[e 10Jf epTAOTA UT Sadinos JUeLIFJIP WOTF UMeIpPY RIM 1297eM TeRO]L 


I XTpuoeddy 


40 


“7861 Septaiotg ‘faesseyet{Tey ‘AB8o0Toay Jo nesing pue ssdinossy [einjeN jo jJuewjZiedsq :901no0g eIeq 
(*pejaodei1 jou aie Aep aed suo,Tes oooss uey i sseT sjuUNnoUy) 
*OTQeTTeAe Jou ale ejeg = —— 





Occ LS°ST 61°8 aeak red yaoz 
-9198 UOTTTIW 


Z6*900° TC. £C°1684351. 60°6OE EF OS" GES" El —L°8S68°1 BEH°L66°C° 8° 1G @ CE" 18/7 (CesOle eecel0c. 1s ee sos 


66°T ~~ 66°T -- -- -- 40° €0°T 76° uozZuTYysem 
6S° ct =~ GG at -- ~~ 81°6 -- 4° 10°T Z9°T uozTeM 
L8°88 =- L8°88 -~ 91°98 == -- 1g° Ls 9S° eT TNyeM 
Ze 29cc O7°ST ZU TIC On St C9°7CT CECZ -—- €€° GZ°9 LG" 92 eTSNTOA 
O€*T — OSs -~ -~ ZL “ -- 19° LGe uoTuy 
99°€¢ -- 99°ES -~ =< £0: -—- <cO°IS 60°T 67° top Ae, 
1L2SS1 -- TLCS T -- 182i 04°38 -- OL° LEC 90°T aeuueMNs 
07° 1c ae OF J 1c -- ~~ L9°9T -—- ¥I°T 152 ZO°T aojuns 
6S°SS -- 65266 -- oe 89°77 -- O8°¢ Clo Olas ccd aTouTMAaS 
80°74 -- 80°74 od ~~ 08°02 -—- ot’ 79°T 76°61 eB OSe1eS 
70°92 “+ 70°92 ot oo 18° -- 7S°8I gg° €8°SC esoy e ues 
76° 7E8 09°98¢ VE°SHZ 09°98¢ Ov°T 8Z°TEZ -—- ¢0°Z Z6°E 69°6 etony 3s 
Cele -- Gy°LE -- o~ GS°62 -- 10° 16°7 86°7 uyor °45 
Z0°S8 a Z0°S8 _e Cx 0€°9€ = CTO mer OGeS 98°Z weu ng 
ce°oT9 ~ GE°OT9 -- 07°62 OL° 7S -—- I2£°80Z OO°9T +#S°SCE€ ATOd 
G7°916 00°008 cy°Olt 00°008 ti 1Z°6 -- 68° 6£°E G8°ZOl SeT[ouTd 
6L°76E°T O0°6EEST 6L°SS GOS6EC: Ie 9c L002 -—- €8°CT IZL°Z 26°11 oosed 


















i93eM [T[Te® suTyes yselrj sUTTeS yYserj yselrj sUuTTeS YSelfy yYserz tddns satzuno) 
TeI+OL TeIOL TeIOL uot jeisues UOTIeBSTIIT pettddns jjTes Teany ot Tqng 


Jemod dTiDeTeoMISUL Tetiqsnpuy 





O861 ‘Setjunos Aq ‘sasn [[e AOJ epTAOTYA UT sadinos JueAIJJTp WOAF UMEAPUATM 1937eM TeIO]L 


I XtTpueddy 


4] 


Appendix 2 


Citrus irrigation in Florida (demonstration project costs) 


7 inches of irrigation application 





Item Investment cost Annual costs 





Well (8 inches, 700' deep) Dollars 


Pump, power unit & pump house 
(10 year, S.L. depreciation) 20,724.88 2,072.49 


Microjet* system, irrigate all 


at-l set; pump (1140 gpm), above 
ground laterals and buried main 


lines (10 years, S.L. depreciation) 17-805, 51 730558 

Energy; 115 hrs, @ 5.08 gal per hr = 

584.2 gal @ $1.20/gal 701.04 

Labor, @ 0.10/mhr/acre-in 

280 ac. in** X .10 X $3.60 100.80 

Interest on investment, @ 15/0 2582.30 

Taxes and insurance @ 1/2% inv. 190.15 
Total costs 38,030.69 7,647.36 


Annual operating 
costs per acre 20.05 


Annual fixed costs 
per acre 171.14 


Total annual costs 
per acre 1OTaLo 


—— 


Source: (8). 


*U.S. GOVERNMENT PRINTING OFFICE: 1985-490-917 :20237-ERS 
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